The specific refractive index increments (dn/dc) of inulin in water, at 25 ºC, were measured at different wavelengths (436, 546 and 589 nm) using a BP-differential refractometer. The dn/dc at the operating wavelength (633 nm) of the laser light scattering photometer was calculated by an approximate method. This value can be used to determine the absolute molar mass and the second virial coefficient of inulin by light scattering photometry.
INTRODUCTION
Inulin, a carbohydrate polymer [ C 6 H 11 O 5 (C 6 H 10 O 5 ) n OH] , is a polyfructofuranoside with about 30 fructose units, bonded by b -1,2-glucoside bonds, and with a saccharose at the end of the linear molecule. Investigations of medically important complexes with various ligands of the carbohydrate type (e.g., inulin, 1 dextran 2 ), show that the molar masses of the ligands and their distribution are of great importance to obtain stable compounds.
The determination of the absolute molar mass and the size of the polymer molecules by light scattering techniques requires the knowledge of the specific refractive index increment (dn/dc) of the polymer in solution. Since the square of dn/dc enters into the light scattering, Eq. (1), its value must be known with the greatest possible accuracy, in order to obtain precise results of the molecular parameters t = 32
H is an optical constant, t is the comodated turbidity of the solution, M is the molar mass, c is the concentration of the polymer, N A is Avogadro's constant, l is wavelength of the light in vacuo, and n 0 the refractive index of the solvent. Most laser light scattering photometers utilize a helium-neon laser light source operating at a wavelength of 633 nm. Data for dn/dc of polysaccharides either at this wavelength or others, however, are very rare in the literature. There are some literature tables of dn/dc for different polymer-solvent systems, [3] [4] [5] [6] [7] but data pertaining to inulin was not found. Therefore, the quantities were determined using a differential refractometer in this work. A calibration constant (k) for the selected wavelength was calculated by Eq. (2):
where D d is the total slit image displacement in instrument units. D n is an already known quantity for different reference solutions and different wavelengths. 8 The reading of the total displacement, D d, corrected for the solvent zero reading was calculated as follows:
where d 1 is the zero reading, and d 2 is the reading at 180º. The purpose of this communication is to provide precise values of the dn/dc of inulin at three different wavelengths (436, 546 and 589 nm) and an approximate value at 633 nm.
EXPERIMENTAL
The native source inulin (Dahlia variabilis) was separated into fractions with narrow molar mass distributions by preparative gel permeation chromatography on Sephadex G-25/G-50 columns. The obtained inulin fractions were purified by precipitation with ethanol, redissolution in water and filtration of the solution through a 0.45 nm cellulose nitrate membrane filter. The fractions were dried in vacuum at 80 ºC.
The dn/dc increment for aqueous solutions of inulin were measured at 25.00 ± 0.02 ºC, at the wavelengths of 436, 546 and 589 nm using a Brice-Phoenix differential refractometer BP-2000-V. The limiting sensitivity of the BP-refractometer is about 3 units in the sixth decimal place of the refractive index difference, while the range is 0.01 units. Mercury vapor and sodium lamps were used as light sources, from which the monochromatic light beams of 436, 546 and 589 nm were isolated using corresponding filters. The BP-differential refractometer was calibrated with NaCl solutions using the data of Kruis 8 (0.1034, 0.5602, 1.1240, 2.0327 and 3.7307 g/100 cm 3 ). The measurements were performed at least 10 times for the inulin solutions (0.530, 1.020, 1.520, 2.010 and 3.010 % w/v).
RESULTS AND DISCUSSION
The dependence between the slit image displacement (d) and the concentration of the solution (c) was observed using a Brice-Phoenix differential refractometer. The calibration constants of the refractometer at the chosen wavelengths were determinated using the method of least squares from Eq. (2). Once the value of k had been determined, any reading of light of the selected wavelength may be directly converted to D n. The differential method of determination of the refractive index difference between a solution and the solvent (D n = n 1 -n 0 ) is suitable for the determination of the dn/dc of polymer solutions. The measurements were performed using inulin solutions of various concentrations (0.530, 1.020, 1.520, 2.010 and 3.010 % w/v). Using the already deter-mined value of k under the specific conditions, the values for D n were calculated for the solutions of inulin, compared to the water as the solvent. Repeating this for different concentrations of those solutions, the dn/dc can be determined. The resulting values are shown in Table I . Since dn/dc is inversely proportional to the wavelength, 6,7 the value of dn/dc at KMX-6 laser's operating wavelength of 633 nm was calculated by approximate method via Fig. 1 , using the dn/dc values at 436, 546 and 589 nm. A good linear relationship is evident from Fig. 1 . This linearity is a necessity for a reliable dn/dc calculation. The increment value of 0.1423 cm 3 g -1 , obtained by the approximate method for wavelength of 633 nm, can be used to determine the absolute values M w for inulin.
Results of dn/dc determination of another carbohydrates, 4, 6, 9 in comparison with the values for inulin, are given in Table II . The corresponding values of the inulin mono- mers (glucose and fructose) are also included in Table II . As is well known, the dn/dc value is a function of temperature, the laser light wavelength and the solvent in which the polymer is dissolved. As can be seen from the dn/dc values compiled from the literature, the ratio of dn/dc values at the different wavelengths is almost constant for most of the different polymer/solvent systems. 10 So, for example, the data in the Table II show that the dn/dc of dextran in water is not independent of the molar mass, but increases steadily with increasing mass. In the range of wavelengths from 436 to 633 nm, the specific refractive index increment of inulin in water increases with decreasing wavelength (Fig. 1) , according to the literature data. 10 It is gratifying to see from Table II that the agreements among the results of different carbohydrates, obtained by independent authors, are remarkably good. The details of the determination of the absolute molar mass and second virial coefficient of purified inulin (5635 g mol -1 and 7.28´10 -4 mol cm 3 g -2 , respectively) by laser light scattering will be published elsewhere. CONCLUSION On the basis of the obtained results, it may be concluded that the dn/dc value of aqueous solutions of inulin is a function of the laser light wavelength, and showed a good linear relationship. The dn/dc values, measured using a BP-2000-V differential refractometer at 25 ºC at the wavelengths of 436, 546, 589 and 633 nm, increases with decreasing wavelength. These values can be used to determine the absolute molar mass and the second virial coefficient of inulin by light scattering photometry. 
